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SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.

119 and 35 U.S.C. 365 to Korean Patent Application No.
10-2006-0135702 (filed on Dec. 277, 2006), which 1s hereby

incorporated by reference 1n its entirety.

BACKGROUND

Embodiments of the mvention relate to a semiconductor
device and a method of fabricating the semiconductor device.

Trench metal oxide semiconductor (IMOS) transistors dif-
ter from MOS transistors in that channels of the trench MOS
transistors are formed in a vertical direction. Channels of
more conventional MOS transistors are formed 1n a horizon-
tal direction. The trench MOS transistor includes a vertical
channel and a drain formed in a backside of a wafer as an
output region.

As compared with more conventional MOS transistors, the
trench MOS transistors are suitable for high-current and high-
voltage operations using a small area. To apply a high voltage
to the trench MOS transistor, it 1s necessary to form a lightly
doped drain region (a drnit region) 1n a suificiently large
length.

Since electrons move vertically 1n a trench MOS transistor,
a lightly doped drain region can be vertically formed to
increase a withstand voltage without increasing the area of a
chip by adjusting a vertical doping profile. Therefore, high
withstand-voltage and high-current operation can be possible
using a small area. However, the structure of a trench MOS
transistor may be changed to form the trench MOS transistor
on a chip as a CMOS ftransistor.

SUMMARY

Embodiments of the invention provide a trench metal oxide
semiconductor (MOS) transistor.

Embodiments also provide a trench MOS transistor that
can be formed at a low cost on the same chip as a comple-
mentary metal oxide semiconductor (CMOS) transistor.

In one embodiment, a semiconductor device (e.g., a trench
MOS transistor) includes: a first conductive well region 1n a
semiconductor substrate; a second conductive well region on
(or 1n) the first conductive well region; a gate electrode 1n a
first trench on a gate insulation layer (also 1n the first trench),
the trench being 1n the second conductive region and (at least
part of) the first conductive well region; a drain including a
drain insulation layer, a (polysilicon) shield layer, and a drain
plug, the drain insulation layer being 1n a second trench in the
second conductive region and (at least part of) the first con-
ductive well region, the polysilicon layer enclosing the drain
plug, a lower portion of the drain plug being 1n contact with
the second conductive well region; and a first conductive
source region at a side of the gate electrode.

In another embodiment, there 1s provided a method of
fabricating a semiconductor device (e.g., a trench MOS tran-
sistor), the method including: forming first and second con-
ductive well regions 1n a semiconductor substrate, the second
conductive well region being formed on or in the first con-
ductive well region; removing portions of the second conduc-
tive region and the first conductive well region to form first
and second trenches; forming a gate oxide layer 1n the first
trench and a drain 1nsulation layer in the second trench; form-
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2

ing a polysilicon layer in the trenches, wherein the polysilicon
layer fills the first trench and covers sidewalls of the second
trench; implanting first conductive dopant 1ons 1nto the poly-
silicon layer on the gate insulation layer so as to form a gate
clectrode; removing a portion of the drain imnsulation layer and
forming a drain plug by filling the second trench a conductive
matenal (e.g., polysilicon heavily doped with first conductive
dopant 1ons); and forming a first conductive source region at
a side of the gate electrode.

The details of one or more embodiments are set forth in the
accompanying drawings and the description below. Other
teatures will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s aview 1llustrating a semiconductor device accord-
ing to an exemplary embodiment.

FIGS. 2 to 9 are views for explaining a method of fabricat-
ing a semiconductor device according to embodiments of the
invention.

FIG. 10 shows an exemplary layout view of the exemplary
embodiment of the semiconductor device according to FIG.

1.

DETAINED DESCRIPTION OF THE
EMBODIMENTS

A semiconductor device and a method of fabricating the
semiconductor device will now be described with reference to
the accompanying drawings according to embodiments.

FIG. 11s aview 1llustrating a semiconductor device accord-
ing to an embodiment.

Referring to FIG. 1, an N-type buried layer (NBL) 13 1s
formed 1n a P-type epitaxial layer 11 on a semiconductor
substrate 10. The epitaxial layer 11 may comprise or consist
essentially of epitaxially grown silicon and/or silicon-germa-
nium. A device 1solation layer 17 1s formed 1n the semicon-
ductor substrate 10 to divide the semiconductor substrate 10
into regions. The device 1solation layer 17 may comprise a
filed oxide layer formed by local oxidation of silicon (LO-
COS) or shallow trench 1solation (STT). A horizontal comple-
mentary metal oxide semiconductor (CMOS) transistor can
be formed 1n another region 1solated by the device 1solation
layer 17.

A deep N well 14 1s formed on the NBL 13 1n the P-ep1
layer 11, and a shallow P well 16 1s formed 1n or on the deep
N well 14 1n the P-ep1 layer 11.

Trenches are formed 1n the semiconductor substrate 10 for
forming one or more gates 30 and a drain 40 1n the semicon-
ductor substrate 10. In the exemplary embodiment shown 1n
FIG. 1, a single drain 40 1s formed between two gates 30.
However, the gate structures 30 can also form a unitary ring

around the drain 40, as shown 1n the exemplary layout view 1n
FIG. 10.

Gate electrode(s) 20 are formed on gate insulation layer(s)
18. An oxade layer 1s formed 1n the trenches to form the gate
insulation layer(s) 18 and drain insulation layer 19, and a
conductor such as non-doped polysilicon 1s deposited in the
trenches by chemical vapor deposition (CVD). The conductor
may comprise another material, such as tungsten, tungsten
silicide, aluminum, copper, etc., which may have one or more
adhesive and/or barrier liner layers (e.g., T1, TiN, Ta TaNlN,
bilayers such as TiN on 11 or TaN on Ta, etc.) between the
conductor and the oxide 18 and/or insulator 19. Then, when
the gate electrode 20, N type dopantions (e.g., P, As or Sb) are
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implanted into the non-doped polysilicon, and the polysilicon
1s heat treated (e.g., by annealing) to form the gate
clectrode(s) 20.

The drain 40 1s formed as follows. An oxide layer 1s formed
in the trench as a drain 1nsulation layer 19 (generally at the
same time as gate oxide 18), and a non-doped polysilicon
layer 21 and a silicon oxide 22 are sequentially formed. Like
the case of the gate electrode(s) 20, non-doped polysilicon or
another conductor 1s deposited 1n the trench by CVD (option-
ally atthe same time as gate 20) to form a drain plug 23. When
the drain plug 23 comprises polysilicon, N type dopant ions
are implanted into the (non-doped) polysilicon (optionally at
the same time as gate 20, when polysilicon 1s in the trench).
Thereatter, the polysilicon 1s heat treated (e.g., by annealing,
optionally at the same time as polysilicon gate[s] 20) to form
a drain polysilicon layer 23.

P+ doped body regions 25 and N+ doped source regions 24
are formed 1n a surface of the semiconductor substrate 10
(e.g., the exposed or uppermost surface of shallow P-well 16).

A deep N region 15 1s formed in N-well 14 prior to forma-
tion of the drain plug 23 to facilitate movement of electrons
from the source regions 24 to the drain plug 23.

In the exemplary semiconductor device, the drain 40 1s
formed 1n a center portion, and the gates 30 are formed at
sides of the drain 40. Since only one drain 40 1s formed 1n the
semiconductor device, the size of the semiconductor device
can be reduced.

Since electrons move vertically 1n the exemplary semicon-
ductor device, a low-concentration drain region can be verti-
cally formed to increase a withstand voltage without increas-
ing the size of the semiconductor device by adjusting a
vertical doping profile. Therefore, high withstand-voltage
and high-current operation can be possible using a small area.

FIGS. 2 to 9 are views for explaining a method of fabricat-
ing a semiconductor device according to various embodi-
ments.

Referring to FIG. 2, an NBL 13 1s formed by implanting N
type dopant 1ons into a P-epi1 layer 11 of a semiconductor
substrate 10. Next, a deep N well 14 1s formed on the NBL 13
by implanting N type dopant 1ons into the P-epi1 layer 11, and
a shallow P well 16 1s formed in the deep N well 14 by
implanting P type dopantions (e.g., B) into the P-epilayer11.
In one embodiment, each successive implant has a higher
dose or concentration of dopant than the preceding implant.
For example, the deep N well 14 may have a higher dose or
concentration of dopant than the NBL 13, and the shallow P
well 16 may have a higher dose or concentration of dopant
than the deep N well 14.

Then, a device 1solation layer 17 1s formed on the semicon-
ductor substrate 10 to 1solate the exemplary semiconductor
device (e.g., a vertical MOS transistor) from a region of the
semiconductor substrate 10 in which a horizontal CMOS
transistor 1s formed.

Referring to FIG. 3, portions of the semiconductor sub-
strate 10 are selectively removed (e.g., by photolithographic
masking and subsequent etching) to form trenches (side and
central trenches 31 and 41). The side trench(es) 31 are used
for forming gates, and the central trench 41 1s used for form-
ing a drain. The central trench 41 may have a width, for
example, of from 3 to 5 times the width of a side trench 31.

Referring to FIG. 4, an oxide layer 1s formed 1n the trenches
31 and 41 to form gate insulation layers 18 and a drain
insulation layer 19. The oxide layer may be a thermal oxide
layer (e.g., grown by wet or dry thermal oxidation) ora CVD
oxide (e.g., deposited by chemical vapor deposition from
s1licon and oxygen precursors, such as silane gas or tetraethyl
orthosilicate, and oxygen and/or ozone, respectively).
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Retferring to FIG. 5, non-doped polysilicon (or another
conductor, such as tungsten, aluminum, titanium nitride, etc.)
1s formed (e.g., by conformal deposition) on the entire surface
ol the semiconductor substrate 10 by CVD, and the conductor
1s selectively removed by anisotropic etching (e.g., reactive
ion etching). As a result, the remaining conductor (e.g., non-
doped polysilicon) fills the side trench(es) 31 and covers
sidewalls of the central trench 41.

Then, when the conductor 1s non-doped polysilicon, one or
more gate electrodes 20 are formed by implanting N type
dopant 1ons nto the non-doped polysilicon 1 the side
trenches 31, then heat-treating (e.g., annealing) the polysili-
con to drive 1n the dopant.

Retferring to FIG. 6, a silicon oxide 22 1s formed on the
entire surface of the semiconductor substrate 10 (e.g., by
CVD or other conformal deposition process) and 1s selec-
tively removed by anisotropic etching (e.g., reactive 10n etch-
ing). As a result, the silicon oxide 22 remains only 1n the
trench 41, and the exposed thermal oxide 18/19 on the hori-
zontal surfaces of the deep well 14 and shallow well 16 may
be removed. For example, during the etching, a bottom por-
tion of the drain insulation layer 19 1s removed from the
trench 41.

The silicon oxide 22 reduces parasitic capacitance between
a drain plug 23 (refer to FIG. 8) and body regions 25 (refer to
FIG. 8), and increases an insulation voltage.

Referring to FIG. 7, N type dopant 1ons are implanted into
the semiconductor substrate 10 (and 1n particular, deep P-well
16) through the trench 41 and the removed bottom portion of
the drain msulation layer 19 so as to form a deep N region 15.

Referring to FIG. 8, a conductive material such as a high-
concentration N type polysilicon, tungsten, tungsten silicide,
aluminum, etc., 1s deposited into the trench 41 by CVD or
sputtering so as to form the drain plug 23. The excess depos-
ited material for the drain plug 23 can be removed by pla-
narization (e.g., blanket dry and/or plasma etching [e.g., etch-
back], mechanical polishing, or chemical mechanical
polishing [CMP]).

Referring to FIG. 9, following appropriate photolitho-
graphic masking of areas not to be implanted (not shown), P
type dopant 1ons are implanted into the semiconductor sub-
strate 10 to form the body regions 25 1n surface portions of the
semiconductor substrate 10, and (following subsequent
removal of the body region mask and photolithographic
masking of further areas not to be implanted) N type dopant
ions are mmplanted into the semiconductor substrate 10 to
form source regions 24 1n surface portions of the semicon-
ductor substrate 10.

In the exemplary embodiment(s), the processes of forming,
the NBL 13 and the deep N region 135 can be performed
together with processes of forming wells 1n a CMOS transis-
tor. In addition, after the side and central trenches 31 and 41
are formed, the remaining processes of forming the semicon-
ductor device can be performed together with the processes of
forming the CMOS transistor (e.g., CMOS ftransistor gate
oxide can be grown at the same time as the vertical transistor
gate oxide 18, gate polysilicon can be deposited at the same
time as gate or drain conductor 20 or 23, CMOS ftransistor
source/drain regions can be implanted at the same time as
source regions 24 and body regions 23, etc.). Therefore, most
of the processes of forming the exemplary semiconductor
device (e.g., vertical CMOS ftransistor) can be performed
together with the processes of forming the CMOS
transistor(s). Therefore, a trench MOS transistor can be
tformed with fewer additional processes.

In another embodiment, the complementary vertical
CMOS transistor can be made by switching the 10n impurity
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types 1n the various implantation regions to the complemen-
tary type (e.g., NBL 13 can be T-type instead of N-type, well
14 can be a P-well, shallow well 16 can be an N-well, etc.).

According to the semiconductor device and the method of

fabricating the semiconductor device, a trench MOS transis-
tor can be formed 1n the same chip as a CMOS transistor at
low costs.

Any reference 1n this specification to “one embodiment,”
“an embodiment,” “example embodiment,” etc., means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s included 1n at least one
embodiment of the invention. The appearances of such
phrases 1n various places 1n the specification are not neces-
sarily all referring to the same embodiment. Further, when a
particular feature, structure, or characteristic 1s described in
connection with any embodiment, 1t 1s submitted that 1t 1s
within the purview of one skilled 1n the art to effect such
feature, structure, or characteristic 1n connection with other
embodiments.

Although embodiments have been described with refer-
ence to a number of 1illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled 1n the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, variations and modifications
are possible 1n the component parts and/or arrangements of
the subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to vanations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled 1n the art.

What 1s claimed 1s:

1. A semiconductor device comprising:

a first conductive well region 1n a semiconductor substrate;

a second conductive well region on the first conductive

well region;
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a gate electrode 1n a first trench on a gate insulation layer 1n
the first trench, the first trench being in the second con-
ductive region and at least part of the first conductive
well region;

a drain including a conductive shield layer, a drain insula-
tion layer, and a drain plug, the drain msulation layer
being 1n a second trench 1n the second conductive region
and at least part of the first conductive well region, the
conductive shield layer enclosing the drain plug, and the
drain plug being 1n contact with the second conductive
well region; and

a first conductive source region at a side of the gate elec-
trode.

2. The semiconductor device according to claim 1, wherein
the drain further includes a silicon oxide layer between the
drain plug and the conductive shield layer.

3. The semiconductor device according to claim 1, further
comprising a first conductive high-concentration impurity
region between the drain plug and the first conductive well
region.

4. The semiconductor device according to claim 1, wherein
the drain insulation layer 1s on a side and a bottom of the
conductive shield layer.

5. The semiconductor device according to claim 1, wherein
the drain 1nsulation layer comprises an oxide layer.

6. The semiconductor device according to claim 1, further
comprising a first conductive buried layer under the first
conductive well region.

7. The semiconductor device according to claim 1, wherein
the first conductive source region 1s at opposite sides of the
gate electrode.

8. The semiconductor device according to claim 1, further
comprising a second conductive body region at a side of the
first conductive source region.
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